Fertilizers (nitrogen/N, phosphorous/P, and potassium/K) have been widely applied to increase the productivity of forest plantation, especially in poor soils. This study was to test the effects of fertilization at planting and additional fertilization in the following two years on growth and aboveground biomass (AGB) of a 30-month old plantation of Acacia mangium in Northeast Vietnam. There were four treatments including (1) 1 kg compost/tree at planting and 0.2 kg NPK (16:16:8)/tree/year in the following two years (IC-A-NPK), (2) 1 kg compost/tree at planting and 0.2 kg P (16.5% P2O5) + 0.1 kg K (60% K2O)/tree/year in the following two years (IC-A-PK), (3) 1 kg compost + 0.2 kg NPK/tree at planting and 0.2 kg NPK/tree/year in the following two years (IM-A-NPK), and (4) 1 kg compost + 0.2 kg NPK/tree at planting and 0.6 kg P + 0.1 kg K/tree/year in the following two years (IM-A-PK). The results indicated there was no significant effect of fertilization at planting and additional fertilization on diameter at breast height (DBH), basal area, and AGB between IC-A-NPK (DBH of 8.9 cm, basal area of 7.4 m 2 ha -1 , and AGB of 37.8 Mg ha -1 ) and IM-A-NPK (DBH of 10.1 cm, basal area of 9.2 m 2 ha -1 , and AGB of 47.5 Mg ha -1 ). Meanwhile, DBH (9.6 cm), basal area (8.6 m 2 ha-1 ) and AGB (44.2 Mg ha -1 ) in IM-A-PK were significantly higher than that in IC-A-PK (DBH of 8.4 cm, basal area of 6.4 m 2 ha -1 , and AGB of 31.6 Mg h -1 ). It was concluded that fertilization at planting of both compost and NPK is not required for A. mangium plantation. While additional fertilization of phosphorus should be applied for higher productivity.
Introduction
The total area of forest plantations in the world was 54.3 million ha and it may reach 90 million ha by 2050 [1] . Because of soil erosion from rain and wind, and nutrition loss from harvesting planted trees, soil quality has decreased, leading to decreased productivity of plantations in the following rotations [2] . Fertilization has been applied for many species to increase their productivity around the world [3] [4] [5] and is known as a viable silvicultural option [6] . The macronutrients [7] including nitrogen (N), phosphorus (P), and potassium (K) are the key limiting nutrients in many environments [8] . Fertilizers could be applied at and/or after planting annually [9] to support tree growth [10] . The main purpose of fertilization to any forest plantation is to supply nutrients to planted trees for improved growth [11] and higher survival rate [12] . Therefore, the expectation of growers is that planted trees can absorb as much applied fertilizer as possible [13] .
Acacias are fast-growing tree species, which could meet the growing demands of pulpwood and timber. For optimum growth and development, planted trees require a large amount of nutrients [14] . N, P, and K play an important role in the growth and development of plants [15] [16] [17] , especially when trees are planted in poor soil [18] . Knowledge on nutrient relations in acacia plantations is therefore imperative for the application of nutrient to maintain nutrient contents within limits that ensure the yield sustainability. In Vietnam, plantation of acacias is becoming increasingly important in contributing to the national economy and livelihood of million people in rural areas [19] , when logging timber from natural forest is prohibited. The objective of this study is to examine the effect of fertilization on Acacia mangium plantations in Northeast Vietnam.
Material and methods

Study site
This study was conducted at the Forest Experiment Station (FES), College of Agriculture and Forestry Northeast, located in Uong Bi City, Quang Ninh province, Vietnam. The Uong Bi City has monsoon climate conditions with an annual temperature of 22.2 o C and air humidity of 81% [20] . There are four distinct seasons including spring (Feb-Apr), summer (May-Aug), autumn (Sep-Nov), and winter (Dec-Feb). Total annual precipitation is 1.600-2.200 mm with 153 annual rainy days.
The site for the experiment in this study locates on flat land with a slope of <3 o . The site was classified as bared land with some trees of pines and other shrubs which were shorter than 3 m. It was cleared and burnt to prepare the site for planting A. mangium. The soil is classified as Ferralic Acrisol with a depth of 70-80 cm. Soil sample analysis indicated a pH of 3.7, organic matter of 2.7%, N of 0.18%, P of 2.2 mg P2O5/100 g soil, K of 3.5 mg K2O/100 g soil.
Experiment
Four-month-old seedlings were used, which had a 3.7-3.8 mm stump diameter and were 0.57-0.59 m in height. The seedlings were produced from quality-controlled seeds imported from Australia. Planting holes were prepared with the sizes of 40 × 40 × 40 cm. A. mangium trees were planted at a spacing of 3 × 3 m. There were two treatments of fertilization at planting including (1) 1 kg compost/tree named as IC and (2) Each treatment was designed in a plot of 32 trees (8 lines × 4 trees/line). For additional fertilizing, four holes of 20 × 20 × 10 cm (width × length × depth) on the soil surface, which were 50-70 cm from the stem of A. mangium trees, were made and mix of both fertilizers was distributed equally. Holes were then covered by fine soil.
Data Collection and Analysis
Diameter at breast height (DBH in cm) of all stems in plots was measured at 3-month intervals including December 2017 (Dec-17), March 2018 (Mar-18), June 2018 (Jun-18), September 2018 (Sep-18), and December 2018 (Dec-18). Aboveground biomass (AGB) of each stem was estimated based on DBH using the equation: AGB = 0.223*DBH 2.251 [21] . In additional, the basal area of each stem was also estimated. The AGB and basal area were transferred to the unit of Mg ha -1 and m 2 ha -1 , respectively.
Comparison between treatments was conducted by pair-comparison. SAS 9.2 was employed for statistical analysis
Results
In IC-A-NPK and IM-A-NPK treatments (Table 1) , there was only a difference in types and amount of fertilizer applied at planting. While there was the same amount of NPK applied in both 2017 and 2018. In term of DBH, there were significant differences only for data measured in Dec-17 and Mar-18. While the differences in other dates were not found ( Table 1 ). The differences of both basal area and AGB between IC-A-NPK and IM-A-NPK were not found at any times. In December 2018 after planting 30 months, the plantation in IC-A-NPK treatment achieved 8.9 cm DBH, 7.4 m 2 ha -1 basal area, and 37.8 Mg ha -1 AGB (Table 1) . While plantation in IM-A-NPK treatment achieved 10.1 cm DBH, 9.2 m 2 ha -1 basal area, and 47.5 Mg ha -1 AGB In IC-A-PK and IM-A-PK treatments (Table 2) , there were differences in both fertilization at planting and additional fertilization. Pair-comparison indicated that the differences of DBH, basal area, and AGB between two treatments were significant in all collected dates. The results indicated better plantation in IM-A-PK treatment than that in IC-A-PK treatment ( Table 2 ). In December 2018 after planting 30 months, the plantation in IC-A-PK treatment achieved 8.4 cm DBH, 6.4 m 2 ha -1 basal area, and 31.6 Mg ha -1 AGB (Table 2) . While plantation in IM-A-PK treatment achieved 9.6 cm DBH, 8.6 m 2 ha -1 basal area, and 44.2 Mg ha -1 AGB There were two additional fertilization treatments in IC (fertilization at planting of 1 kg compost/tree). Pair-comparison indicated that the effect of additional fertilization on DBH, basal area, and AGB was not significant. Even the figures in the treatment of additional fertilization of 0.2 kg NPK/tree were higher than that in treatment of 0.2 kg P + 0.1 K kg/tree (Fig. 1) . There were two additional fertilization treatments in IM (fertilization at planting of 1 kg compost + 0.2 kg NPK/tree). Pair-comparison indicated that the effect of additional fertilization on DBH, basal area, and AGB was also not significant. Even the figures in the treatment of additional fertilization of 0.2 kg NPK/tree were slightly higher than that in treatment of 0.6 kg P + 0.1 kg K/tree (Fig. 2) . 
Discussion
The response of plantations to fertilization depends on the degree of mismatch of nutrient supply [22, 23] . Responses in nutrient-poor soil are stronger than nutrient-rich soil. There was no significant effect of fertilization at planting on DBH (Table 1 ). Seedlings at planting were small and they were planted in the early rainy season, therefore they could not absorb all applied fertilizer. Of which, NPK is easily lost through leaching, erosion, and uptake by other vegetation in the rainy season. However, DBH, basal area, and AGB in treatment of 1 kg compost + 0.2 kg NPK/tree (IM-A-NPK) were slightly higher than that in treatment of 1 kg compost/tree (IC-A-NPK) ( Table 1) . This indicated the effect of NPK application on A. mangium plantation. As NPK is soluble and is easily uptake immediately by planted trees.
Additional fertilization in 2017 and 2018 of 0.6 kg P + 0.1 kg K/tree/year resulted in significant higher DBH, basal area, and AGB at any collected dates than that in application of 0.2 kg P + 0.1 kg K/tree ( Table 2 ). This indicated the importance of P to support the growth of acacia plantation. Legumes such as acacias would have a particularly high demand for P, as they are thought to have enough N due to their N-fixing ability [24] . A. mangium stands can fix more than 30 kg N/ha/year [25] , which will be returned to the soil through litter decomposition. Therefore, A. mangium plantation demands higher supply of P.
Water holding capacity of compost is high, while nutrient content is low and not ready soluble like NPK. Therefore, applying in June/rainy season may not maximize its function for planted trees. Compost should be applied in the late rainy season and/or in spring to support water holding for planted trees. In addition, compost should be applied in nutrient-medium and dry soil to both holding water and releasing nutrient gradually for planted tree's uptake. While NPK should be applied in poor soil to support immediate uptake.
In medium-fertile soil, fertilization at planting is not required as small-sized planted trees could not fully uptake applied fertilizer leading to higher loss. While in poor-fertile soil fertilizer should be applied to support initial growth and higher survival rate of plantation [12] . Fertilization timing is also important. If applying in high rainfall time, rate of fertilizer loss will be high through leaching and soil erosion. Therefore, it should be applied in low rainfall time, then planted trees can uptake gradually by their capacity and needs. 
Conclusion
Acacia plantations have remarkably contributed to poverty reduction in Vietnam. To increase productivity, fertilizers have been widely applied. This research indicated that applying 1 kg compost + 0.2 kg NPK/tree at planting and additional fertilization of 0.6 kg P + 0.1 kg K/tree/year in the two following years to A. mangium plantation of 1,330 trees ha -1 resulted in average DBH of 9.6 cm and AGB of 44.2 Mg ha -1 at 30 months old. Meanwhile, it could achieve average DBH of 10.1 cm and AGB of 47.5 Mg ha -1 if applying 1 kg compost + 0.2 kg NPK/tree at planting and additional fertilization of 0.2 kg NPK/tree/year in the two following years.
Fertilization at planting should not be applied as it did not significantly effect on growth and AGB of A. mangium plantation. Since small-sized planted trees could not fully absorb applied fertilizer leading to its loss uneconomically.
Compost should be applied in nutrient-medium and dry soil for both holding water and releasing nutrient gradually, and NPK should be applied in poor soil.
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